Introduction
Protozoan species from the genus Giardia and Cryptosporidium are known to infect domestic and wild animals (Taylor, Coop & Wall 2007) and are implicated as causative agents of diarrhoea in children, and as opportunistic infections in HIV-positive patients (Fayer, Morgan & Upton 2000; Irisarri-Gutiérrez et al. 2017; Morgan et al. 2000; Pedersen et al. 2014; Sow et al. 2016; Wang et al. 2018) . In domestic animals, the parasites are mainly prevalent in neonates and young animals (Baroudi et al. 2018; De Waal 2012; Hamnes et al. 2006 ) with consequent economic loss because of different levels of morbidity and mortality (De Graaf et al. 1999 ) particularly when they occur in concomitant infections with helminthic infections (Taylor et al. 2007 ). There has been a description of two subtypes of Cryptosporidium parvum (Baroudi et al. 2018; Fayer et al. 2000; Santana et al. 2018; Squire et al. 2017) and multiple genotypes within the species Giardia duodenalis (Ebner et al. 2015; Feng & Xiao 2011; Itagaki et al. 2005; Santín, Trout & Fayer 2007; Sommer et al. 2018) , and only a few are of zoonotic significance.
Depending on the purpose of the study, different techniques can be applied for the diagnosis of Giardia and Cryptosporidium. Direct smears with or without staining and concentration techniques are mainly used routinely in the laboratory, and despite the relatively low cost, they have a disadvantage of low sensitivity (Cheesbrough 1987; De Waal 2012) . In view of this limitation, immunological techniques based on the detection of antigens such as enzyme-linked immunosorbent assay (ELISA), the immunofluorescence (IF) staining method and the molecular test polymerase chain reaction (PCR) which detects the parasite deoxyribonucleic acid (DNA) have been applied in epidemiological studies, and they have proved to be more sensitive and 
Materials and methods

Study area
The study was conducted between February and September 2015 in the localities of the Magude District (Figure 1 
Sample collection and laboratory analysis
A total of 696 faecal samples were collected from the rectum of calves (n = 480), goat kids (n = 60) and dog pups (n = 156) all less than 7 months of age using a latex glove. 
Copromicroscopic analysis
Faecal samples were processed for the detection of Giardia and Cryptosporidium (oo)cysts using the Willis flotation technique as described by Ueno and Gonçalves (1998) . Identification of (oo)cysts was performed using morphological characteristics as described by Taylor et al. (2007) . To concentrate the (oo)cysts in faecal samples, the formol-ether technique was used as described by Cheesbrough (1987) . The pellet obtained from the concentration was used to prepare thin smears that were stained by the modified Ziehl-Neelsen (mZN) method as described by Cheesbrough (1987) and observed under an optical microscope at 100× magnification for the presence or absence of Cryptosporidium oocysts. The remainder of the pellet was transferred to Eppendorf tubes and preserved at -20 °C for further processing for the detection of Cryptosporidium and Giardia by direct and indirect IF tests (DIF and IIF).
Direct and indirect immunofluorescence
The DIF test was carried out using a kit (MERIFLUOR 
Data analysis
A sample was considered positive if at least one cyst or oocyst of Giardia or Cryptosporidium was identified in the slide. The prevalence (%) was calculated as the number of positive samples divided by the total number of samples analysed multiplied by 100 (Thrusfield 1999) . To analyse differences in the prevalence of Giardia and Cryptosporidium among the localities of the Magude District, a general linear multivariate model was applied in Statistical Package for the Social Sciences (SPSS) version 20.0 and p < 0.05 was considered to be statistically significant. MediCalc software was used to calculate the sensitivity and specificity of mZN and IIF with the DIF test used as a gold standard.
Ethical considerations
This research was approved by the Scientific board of the Veterinary Faculty, Eduardo Mondlane University, Maputo, Mozambique.
Results
Giardia cysts were detected in calves, young goats and pups and Cryptosporidium oocysts in calves and dogs, as shown in Table 1 . All samples collected in calves and goat kids had normal consistency, whilst three of the 156 samples from pups were diarrhoeic (1.9%) and from these, only one was positive for Giardia trophozoites (0.6%) by the Willis method.
The sensitivity and specificity of IIF, Willis and mZN are presented in Table 2 . The mZN method showed high sensitivity (100%) and specificity (96.20% and 100%) to detect Cryptosporidium oocysts in calves and dogs, respectively. The IIF method showed high sensitivity and specificity to both parasites, the sensitivity ranging between 88.89% and 100%, and the specificity between 95.38% and 98.51% for Giardia spp.; with a sensitivity of 100% and specificity of 93.15% and 93.9% for Cryptosporidium spp.
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Discussion
The present study focussed on the diagnosis of Giardia spp. and Cryptosporidium spp. in livestock and dogs using copromicroscopical and immunological tests. This is the first study in Mozambique reporting parasites of the genus Giardia and Cryptosporidium in a mixed farming (cropping and livestock) rural community set-up.
The prevalence of 3.75% for Cryptosporidium spp. in calves by mZN in the present study is slightly higher than the prevalence reported in calves from 3 to 8 months (1.4%) and lower than the prevalence found in calves less than 3 months (16.6%) in a study made by Mtambo et al. (1997) in Tanzania using the same diagnostic technique. The categorisation of animals into two groups compared to this study may have caused this discrepancy. On the other hand, on most of the farms sampled in this study, the animals were kept housed, thus increasing the chances of transmission between animals (Taylor et al. 2007 ). The same factor may have contributed to the high prevalence of Giardia spp. (49%) and Cryptosporidium spp. (12%) found by Hamnes et al. (2006) in calves between 3 and 183 days from Norway using IF tests. In addition, animals from this Norwegian study were exposed to lower temperature conditions (between 3.6 °C and 14.0 °C) than from the animals of the Magude District (between 18 °C and 35 °C). High temperatures may reduce the viability of oocysts in the environment, whilst at temperatures near to 4 °C, the parasites can remain viable for more than 1 month (Adam 2014) , hence increasing the risk of infection.
In general, the prevalence rates were higher by IIF compared to the DIF test for both parasites. Following the IIF method by mZN, the prevalence of Cryptosporidium in calves was also high and similar results were reported by Mtambo et al. (1992) . The high sensitivity of IIF compared to mZN was also reported by Ortega-Mora et al. (1999) where same concentrated faecal samples of ewes were negative when analysed by mZN but positive by IIF.
Diarrhoea is a common clinical sign in animals infected by Giardia spp. and Cryptosporidium spp. (Dawson 2005 ; O'Donoghue 1995). The low incidence of animals with diarrhoea may suggest a low pathogenic significance of these parasitic infections in dog pups and calves in the Magude District. Besides the low pathogenic significance, other factors associated with the absence of clinical signs in positive animals are: (1) the phase of excretion of (oo)cysts because the peak coincides with the peak of animals with diarrhoea which is between the ages of 8-14 days for Cryptosporidium oocysts in cattle (Causapé et al. 2002; Olson et al. 2004 ) and between 2 and 4 weeks for Giardia (Geurden, Vercruysse & Claerebout 2010) ; (2) development of an immunological response with the advancing age of animals (Huber, Bomfim & Gomes 2005) and (3) the virulence of the genotype involved (Adam 2014 ). Although it was not possible to confirm the species and genotypes of Cryptosporidium and Giardia based on the techniques used, the zoonotic potential of these parasites should be taken into consideration, especially for Cryptosporidium spp. which is an opportunist in immunecompromised individuals such as those who are HIV-positive . In Mozambique, Clavero et al. (1999) isolated Cryptosporidium spp. in HIV-infected humans.
The evaluation of sensitivity and specificity for Willis, mZN and IIF techniques compared to the DIF test showed a high sensitivity (100%) and specificity (96% -100%) for the mZN test in the detection of Cryptosporidium infections. Results from our study indicate that the mZN technique is highly reliable in the diagnosis of Cryptosporidium spp. in faecal samples. Studies conducted by Zaglool et al. (2013) and Quílez et al. (1996) in the diagnosis of Cryptosporidium spp. by mZN test indicated low sensitivities (73.3% and 79.3%, respectively) and a specificity approximating to the present study (95% and 100%, respectively). The high sensitivity of the mZN test to detect Cryptosporidium spp. in this study can be attributed to the concentration of oocysts in faecal samples using the formalin-ether technique prior to analysis by subsequent tests. Salleh et al. (2014) demonstrated that the sensitivity of mZN can be improved by the application of concentration techniques.
In general, the sensitivity of IIF and mZN tests in the detection of Cryptosporidium spp. was similar (100%) in this study, these results were also similar to findings by Rimhanen-Finne et al. (2007) . Despite the similarity of results, the choice of diagnostic technique often depends on the availability of resources, time and the objective to be reached (diagnosis of specific parasite or multiple parasites) (Chalmers 2014) . In the IIF technique specific antibodies against antigens produced by the parasite are used making it easy to read owing to the incidence of the fluorescent light in oo(cysts), indicated especially in cases of a low intensity of infections (Robertson 2014) . The disadvantage of mZN staining is that the oocysts may be easily confused with faecal debris that take up the stains (Casemore, Armstrong & Sands 1985) . The efficiency of IIF compared to mZN was reported by Ortega-Mora et al. (1999) where the concentrated faecal samples of ewes were negative when analysed by mZN and positive by IIF.
Ancylostoma spp. (60.25%) and Toxocara spp. (5.76%) diagnosed in dogs of the Magude District are of zoonotic potential and the epidemiology of this parasite is mainly associated with the high biotic potential of females and with transmammary infection by which larvae are transmitted to the offspring from the bitch (Taylor et al. 2007; Urquhart et al. 1998) . The lower prevalence of Toxocara spp. compared with Ancylostoma spp. can be justified by the possible presence of animals with larvae in somatic tissues in which, instead of the larvae developing, maturing and producing eggs, they remain dormant in different tissues, and thus, there is a reduction or absence of eggs in faeces (Taylor et al. 2007 ).
There is a need for additional studies aimed at applying molecular techniques to identify the genotypes and subtypes of Giardia and Cryptosporidium involved in order to determine their zoonotic potential and to adopt effective control and prevention measures.
